Osteoporosis is a chronic, progressive disease in which early diagnosis is very important. The neutrophil-to-lymphocyte ratio (NLR) and the platelet-to-lymphocyte ratio (PLR) have been reported as new predictors in inflammatory and immune diseases including osteoporosis. No studies have reported the relationship between monocyte-to-lymphocyte ratio (MLR) and osteoporosis patients.
Introduction
Osteoporosis, a multifactorial process, is a bone metabolic disease characterized by normal bone tissue damage, increased bone fragility, and decreased bone mass per unit volume. [1, 2] Osteoporosis is common in middle-aged and elderly people, especially postmenopausal women. [3] The onset of this disease is not obvious, lacking obvious disease characteristics, and is therefore difficult to diagnose early. Once a patient has a change in body shape or bone pain, the lesion has already entered an accelerated phase. [4] At present, clinical diagnostic methods mainly include osteoporosis screening tools, bone turnover marker, and bone mineral density (BMD). BMD detection technology can find bone loss, and is the most common methods to detect this disease. [5] An objective and noninvasive diagnostic predictor at an earlier disease stage is critically needed.
Peripheral blood neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are newly proposed inflammatory factors, that have the advantages of simplicity, low cost, and noninvasiveness. [6] They can reflect the balance of the immune response, and have been reported to be independent and inexpensive predictors in many inflammatory and immune diseases, such as ankylosing spondylitis, coronary heart disease, malignant tumors, and acute pancreatitis among others. [7] [8] [9] [10] Recently, a few studies reported that the monocyte-tolymphocyte ratio (MLR) was also a new predictor of disease severity.
"Bone immunology" views the immune system and immune factors as important roles in the development of osteoporosis. [11, 12] Research has not previously confirmed the correlation between MLR with osteoporosis. In this study, we evaluated the diagnostic value of MLR in osteoporosis.
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Patients and methods

Patient characteristics
Three hundred sixteen inpatients who were treated at the Department of Orthopedics, Shenzhen Hospital of Traditional Chinese Medicine between January 1, 2015 and August 31, 2018 were included in this cross-sectional study. All patients diagnosed with osteoporosis fulfilled the 2015 Guidelines for the Diagnosis and Treatment of Osteoporosis issued by the Branch of Osteoporosis and Bone Mineral Salt Diseases, Chinese Medical Association. Those patients with hypertension (n = 52), acute inflammatory disease (n = 43), malignancy tumor (n = 4), autoimmune disease (n = 9), hematological disorders (n = 6) (n = 6), renal and liver failure (n = 8), thyroid or parathyroid disorders (n = 5), and infection (n = 8) were excluded. One hundred eleven healthy control subjects who were referred to our hospital for routine checkups with normal BMD levels were recruited. In this study, written or verbal consent was obtained from all the patients. The study was approved by the EC office of Guangzhou University of Chinese Medicine (Shenzhen Traditional Chinese Medicine Hospital 2018-66).
Laboratory and clinical assessment
Recorded BMD, sex, age, neutrophil, monocyte, lymphocyte, and platelet counts, red blood cell (RBC), white blood cell (WBC), red blood cell distribution width (RDW), hemoglobin (HGB), C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), alanine aminotransferase (ALT), aspartate aminotransferase (AST), fasting plasma glucose (FPG), and creatinine (CREA) were recorded. MLR, NLR, and PLR levels were calculated. BMD was measured by DEXA (Hologic Discovery A S/N 88788; Marlborough, MA) at the femoral neck (FN) and lumbar spine (L2-L4). Patients were divided into 2 groups by BMD score, as follows: À2.5 standard deviation (SD) < Tscore < À1 SD was the osteopenia group, and T-score À2.5 SD with no fractures was the osteoporosis group.
Statistical analysis
SPSS 19.0 software (SPSS Inc, Chicago, IL) was applied for statistical analysis. Continuous data were expressed as the mean ± SD, the non-normal distribution index was taken as the natural logarithm, and the comparison between the 2 groups was performed by Mann-Whitney U tests. Normally distributed data were analyzed by independent samples using the Student t test. Categorical data was expressed as a percentage and comparisons between groups were performed using Chi-squared tests. Correlation analysis was done using Pearson correlation and multivariate linear regression analysis. Areas under the receiver operating characteristic (ROC) curves were computed to determine the diagnostic value of MLR, NLR, and PLR. P < .05 was considered statistically significant.
Results
Patient characteristics and MLR, NLR, and PLR levels
In this cross-sectional study, 181 osteoporosis patients and 111 healthy control subjects were included. Table 1 provides the main laboratory and clinical characteristics. There was no significant difference in sex and age between the 2 groups. The counts of neutrophil, monocyte, and RDW were higher, and the counts of lymphocyte, neutrophil, platelet, HGB, and RBC were lower in the osteoporosis patients than healthy control subjects. The levels of MLR, NLR, and PLR were all higher than those in healthy control subjects.
MLR diagnostic value was higher in osteoporosis patients
We used ROC curves to explore the diagnostic value of MLR, NLR, and PLR for osteoporosis patients. The area under the curve (AUC) of MLR was 0.75 (95% confidence interval [CI]: 0.698-0.808). The optimal cutoff value was 0.14, with a sensitivity of 64.1% and specificity of 78.4%. The AUC of NLR and PLR was respective 0.70 (95% CI: 0.641-0.759) and 0.619 (95% CI: 0.556-0.682). MLR yielded a higher AUC value than NLR and PLR ( Fig. 1 ).
Correlation of MLR, NLR, and PLR levels with clinical variables
Analysis of the correlation between the variables showed that MLR was positively correlated with CRP, ESR, RDW, age, sex, and inversely correlated with HGB. NLR was positively correlated with CRP, sex, and inversely correlated with HGB. PLR was only correlated with sex ( Table 2 ). Multivariate linear regression analysis showed that T-score FN was affected by age and MLR (P = .012 and .021, respectively, Table 3 ).
MLR and NLR were elevated in osteoporosis patients
According to their BMD scores, we divided patients into osteoporosis group and osteopenia group. There were 99 patients belonging to the osteoporosis group, and 82 patients belonging to the osteopenia group. In the osteopenia group, MLR and PLR levels were lower than osteoporosis group (P < .05). The levels of lymphocyte, HGB, and FPG were higher in the osteopenia patients than in the osteoporosis group. NLR, age, sex, neutrophil count, platelet count, RDW, RBC, CRP, ESR, ALT, AST, and CREA levels showed no significant difference between the 2 groups (Table 4 ).
Discussion
As has been reported as noninvasive and cost-effective markers in various systemic inflammatory diseases, we evaluate the diagnostic value of MLR, NLR, and PLR in osteoporosis patients in this cross-sectional study. In this study, osteoporosis patients showed higher MLR, NLR, and PLR levels than did the control subjects. The diagnostic ability of MLR was higher than NLR, PLR, and other parameters. Multivariate linear regression analysis showed that T-score FN was affected by age and MLR. MLR was positively correlated with ESR, CRP, WBC, and fibrinogen. We divided patients into osteoporosis group and osteopenia group. In the osteopenia group, MLR and PLR levels were lower than osteoporosis group. Therefore, we come to the conclusion that MLR had a high diagnostic value for osteoporosis patients.
With the rapid development of modern biochemistry, molecular biology, immunology, and radiography, great progress has been made in the diagnosis of metabolic bone diseases, especially osteoporosis in recent years. New experimental techniques and special inspection provide more specific and sensitive evidence for clinical diagnosis and identification of osteoporosis. [4, 5] Early diagnosis is very important; however, none of the current examination methods can detect osteoporosis at an early stage. Leukocyte subpopulation tests are commonly used to indicate inflammatory disease [13] ; however in recent years, studies have shown that NLR, MLR, and PLR may be more appropriate indicators of inflammation than the leukocyte Figure 1 . ROC curves to explore the diagnostic value of MLR, NLR, and PLR. MLR = monocyte to lymphocyte ratio, NLR = neutrophil to lymphocyte ratio, PLR = platelet to lymphocyte ratio. CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, HGB = hemoglobin, MLR = monocyte-to-lymphocyte ratio, NLR = neutrophil-to-lymphocyte ratio, PLR = platelet-to-lymphocyte ratio, RDW = red blood cell distribution width. .208 À0.006-0.001 CI = confidence interval, CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, FPG = fasting plasma glucose, MLR = monocyte-to-lymphocyte ratio, NLR = neutrophil-to-lymphocyte ratio, PLR = platelet-to-lymphocyte ratio. subpopulation. They all are less likely influenced by various physiological conditions, and all are inexpensive, simple, useful prognosis in systemic inflammatory disease, had been investigated in acute limb ischemia, cardiovascular, rheumatoid arthritis, and neoplastic diseases. [6, 8, 14, 15] This reflects of 2 important and opposite immune pathways. Thus, we speculated MLR may be appropriate inflammation indicators in osteoporosis. In this study, the main finding was that MLR was superior in the prediction value of osteoporosis. ROC curves showed the diagnostic value of MLR was higher than NLR, as reported by Zeynel et al that NLR levels were found to be elevated in osteoporosis group compared to osteopenia and control group. [17] NLR represents a ratio of 2 different immune pathways, that a high N is responsible for active nonspecific inflammation and a decrease L is responsible for poor physiological stress. [17] Interestingly, this study also found that MLR was positively correlated with CRP, ESR, RDW, age, and inversely with HGB and sex. These correlations were not very strong but higher than NLR and PLR with variables. According to the BMD scores, we divided the patients into osteoporosis group and osteopenia group. In the osteoporosis group, MLR and PLR levels were significantly higher than osteopenia group. NLR levels were also higher in the osteoporosis, but there is no statistical significance. Previous studies demonstrate that NLR levels of patients with osteoporosis were significantly higher than osteopenia and control subjects. [16] In osteoporosis, immune response occurs later than inflammatory response, which may resolve the inflammatory process.
The exact mechanism of how MLR was increased in osteoporosis remains unclear and requires further investigation. Higher MLR indicated higher monocyte or lower lymphocyte levels in the peripheral blood. In a few studies, peripheral blood MLR has been recognized as a significant predictor of advanced stages, involved in immune escape, and immune regulation. Lymphocytes can suppress tumor cell proliferation and migration, and monocytes can differentiate into tumor-associated macrophages which can promote solid-tumor progression and metastasis. [18, 19] A few immune disease studies reported the diagnose values of MLR, announced that it might reflect systemic inflammation and the severity of immune injury. [7, 10] The immune system and immune factors play important roles in the development of osteoporosis. Bone immunology is a new interdisciplinary subject, providing new pathogenetic and clinical interpretations for osteoporosis. [11, 20, 21] Many immune cells, signaling factors, and inflammatory cytokines are involved in this process. [22] Factors secreted by macrophages or T cells strongly influence bone growth or degradation, depending on the bone microenvironment. T lymphocyte cells can regulate bone cells and hematopoietic function in the immune system, through secreting inflammatory factors and Wnt ligands. [23, 24] The bone marrow niches consist of osteoblasts, osteoclasts, mesenchymal cells, endothelial cells, and macrophage. Some studies have shown that macrophages in the bone marrow niches play an important role, can influence the migration of osteoblasts and osteoclasts from the bone marrow into the blood. [25] [26] [27] Some limitations exist in this study and should be noted. First, this was a single center study, and the number of patients included is small. This study also lacks research on the pathogenetic mechanism of elevated MLR and NLR. More patients from different centers for investigate such a topic. Longitudinal and molecular biology studies are needed to explore the mechanism of elevated MLR and NLR levels.
In conclusion, our study is the first demonstration that MLR and NLR were higher in osteoporosis patients compared with healthy controls; especially MLR had a higher diagnostic value for osteoporosis and had a close relationship with ESR and CRP levels. Importantly, MLR may be a reliable, inexpensive, and novel predictor for osteoporosis.
